ABSTRACT The wild type strains of T2 and T6 bacteriophages differ in their host range specificity, efficiency of plating on E. coli K12, and in glucose content. A study of the inheritance of these three differentiating characteristics has revealed that they are transmitted both upon serial passage of the viruses and when the two phages are crossed. It has been found, furthermore, that an extensive recombination takes place upon crossing. Four types of hybrid phages have been isolated from the progeny of crosses, which had a glucose content of one of the parental phages, and either the host range specificity or efficiency of plating or both of the other. The characteristics of each hybrid were found to be hereditarily stable. It has been concluded that the transmission of the characteristics under consideration is determined genetically and that the genes which control them are not closely linked. Since the glucose content of a phage is determined by the degree of glucosylation of its nucleic acid, the T2 and T6 phages apparently contain genes which control certain chemical properties of their nucleic acid.
glucose content of a phage nucleic acid itself is an inheritable property and to determine whether the presence of the mono-or diglucosides of hydroxymethylcytosine in the nucleic acid of a given phage is correlated with other inheritable characteristics of the virus in question.
In order to achieve this goal, a study of the inheritance of several properties of the wild type strains of T2 and T6 was initiated in our laboratory. In the present communication it will be shown that the three pairs of differentiating traits of these phages--the glucose content, the host range specificity, and the efficiency of plating on E. coli K 12--are inheritable characteristics which are transmitted both in serial passage and in crosses of the two viruses. Furthermore, it will be demonstrated that the alternative traits are exchanged during crosses and that as a result of this, hybrid strains arise which derive certain characteristics from the T2 and others from the T6 virus. From these observations it will be concluded that the glucose content of phage nucleic acid is a genetically determined property which is inherited independently of the host range specificity or of the efficiency of plating of these two phages.
MATERIALS AND M E T H O D S

Strains of Microorganisms
Cultures of Escherichia coli B and of its phage-resistant variants B/2 and B/6 were originally obtained from Dr. M. H. Adams of New York University. The strain of Escherichia coli K12 called 112-12 was supplied by Dr. G. Streisinger of the Carnegie Institution of Washington. The organisms were maintained by subculturing them on nutrient agar slants. The wild type strains (r+) of T2 and T6 phages were also originally obtained from Dr. Adams. The strains used in this study were derived from single plaques formed by the latter strains on plates seeded with E. coli B. They were maintained by propagating them occasionally on the latter microorganism.
Isolation o/Viral Strains
During this study a large number of phage strains were derived from single plaques in the following manner. An aliquot of the phage culture under investigation containing 100 to 200 viral particles was plated with E. coli B and incubated for 12 to 18 hours at 37°C. A single phage plaque was then cut out from the plate by means of a sterile glass capillary and suspended in I ml. nutrient broth. Two 0.1 ml. portions of this suspension were then plated with E. ¢oli B and the plates incubated for 12 to 18 hours at 37°C. After incubation, the soft agar layer of each plate was suspended in 10 ml. nutrient broth, the suspensions were transferred to a sterile lusteroid tube, and spun for 10 minutes at 5,000 g.P.~. The supernate, containing phage, was then filtered through a Coors P3 porcelain filter. Usually 10 to 15 ml. of a stock solution was thus obtained containing l0 g to 1011 phages/ml. (12) .
Preparation of Large Cultures of Bacteriophages
In order to prepare a large culture of a phage, 2 liter portions of E. coli B culture were grown in glucose-phosphate medium at 37°C. until they contained approximately 5 X 108 cells/ml. (13) . The culture was then supplemented with 20 ml. of 10 per cent nutrient broth and infected with I01° phage particles. The aeration was continued for 5 to 6 hours and the culture left overnight to lyse. When necessary several drops of tributylphosphate were added to control foaming. The lysate was then filtered through a layer of hyflo super-cel and the phage collected by spinning the lysate in a refrigerated Sharpies ultracentrifuge equipped with a self-sealing rotor. The sedimented virus was suspended in the fluid remaining in the rotor (120 to 160 ml.) and then spun in an angle centrifuge for 10 minutes at 5,000 R.P.M. The superhate containing the phage was decanted, adjusted to pH 6-7, and digested with crystalline pancreatic deoxyribonuclease (1 /~g./ml.) for 30 minutes at 37°C. The solution was now filtered through a porcelain candle (Coors P2 or P3), the filtrate was centrifuged for 45 minutes at 12,000 R.P.M., and the phage pellets were resuspended in saline. The suspension was purified further by one cycle of centrifugation at low and high speeds and the final phage pellet was again resuspended in saline. Usually, 5 ml. of purified phage suspension was obtained, containing about 1013 particles/ml.
Viral Assays
The titer of viable particles in a phage preparation was determined by plating an appropriate dilution with E. coil B. The host range specificity of a viral strain was determined by plating it with E. coli B/2 and B/6; the specificity of the T2 was attributed to those phages which did not plate on B/2 strain and which grew on B/6, whereas that of the T6 was attributed to those viruses which did not attack B/6 strain and which plated on B/2. The frequency of the host range mutants was a measure of the homogeneity of a viral preparation. It was determined by assaying the latter on the resistant bacterial strain and on E. coli B; the ratio of the two titers indicated the frequency. The efficiency of plating of a viral strain was measured by assaying it on E. coli K I 2 and E. coli B; the ratio of the two titers indicated the efficiency. All phage dilutions were made in a 1 per cent solution of Difco nutrient broth containing 0.5 per cent NaC1. The bacterial suspensions, used as indicators for the assays, were prepared by washing 12 to 18 hour old nutrient agar slant cultures with the latter medium. The platings were made by the poured agar layer technique on meat infusion-neopeptone--agar plates. The neutralization and inactivation rates of the T2 and T6 viruses were determined by the procedures described by Adams (12) .
Analytical Procedures
The phage suspensions used for chemical analyses were dialyzed against distilled water for 1 to 3 days at 4°C. The absorbance of the dialyzed suspension was then measured at 260 m/~ and the suspension was diluted with water so that its absorbance at 260 mt~ was 7 to 10. The glucose and phosphorus content were then determined
on aliquots by means of the anthrone reaction (5, 14) and by the procedure of Alien (15) , respectively. From these data the relative glucose content of a phage preparation, i.e., the number of moles of glucose per 100 moles of phosphorus, was calculated.
The glucose content of the various phages studied will be expressed in these terms.
Terminology
For the sake of clarity it will be necessary in this communication to distinguish between the terms describing a given phenotypic quality of a virus and those referring to certain aspects of such a quality. The term character will be used to designate a certain quality of a phage, regardless of its specific aspect. Thus, the host range specificity, the efficiency of plating, or the glucose content of a virus will be termed characters and will be symbolized by the capital letters H, El, and G, respectively (16) .
The terms trait and characteristic will be used synonymously and will refer to the specific aspect which a given character has in a given phage strain. Thus, the three traits of the wild type strains of T2 phage will be symbolized as H ~+, Ef 2+, and G ~+. Those of the wild type strain of the T6 virus as H 6+, Ef 6+, and G 6+. In both instances the indices 2 + and 6 + refer to the phage type. The genes determining the characteristics under consideration will be symbolized by the same letters in lower case type and italicized (17) .
The Characteristics of the Wild Type Strains of T2 and T6 Phages and Their Hereditary Stability
The wild type strains of T2 and T6 phages are members of a genetically related group of bacteriophages which has been termed the T2-C16 species (18) . The two viruses are morphologically indistinguishable, their gross chemical composition is similar, and their proteins are serologically related (19) (20) (21) (22) . They differ, however, in their host range specificity. Mutants can be derived from a common host, such as E. coli B, which are resistant to one of the viruses and susceptible to the other (23) . Similarly, microorganisms are encountered, such as various E. coli K12 strains, on which the T2 has a lower efficiency of plating than does the T6 virus (24) . The two phages differ also in their serological reactions. The sera of animals immunized with one virus still neutralize the other, but at a slower rate (12) . Furthermore, these phages differ chemically in that their nucleic acids have a different glucose content. It has been shown that the nucleic acids of T2 and T6 phages contain 11 to 14 and 27 to 29 moles glucose per 100 moles phosphorus, respectively. The studies of the degradation products of these substances have revealed that the T2 nucleic acid contains glucose linked to hydroxymethylcytosine as a monoglucoside (3), whereas the T6 nucleic acid contains the major portion of this sugar bound to the same base as a disaccharide (5).
Since phage strains of different origin may vary in their properties, it was necessary to determine the characteristics of the T2 and T6 strains carried in our laboratory and to learn more of their constancy. First, various characteristics of these two phage strains were compared; the results of this survey are summarized in Table I .
As may be seen in Table I , the stocks of the two phages contained about 1@ 1 viable particles/ml. As one might expect, the two phages differed in their host range specificity; the T2 phage plated on E. coli strains B and B/6 but did not grow on B/2, whereas the T6 virus formed plaques on strains B and B/2 but not on B/6. The phage stocks were homogeneous with respect to their host range specificity, for the frequency of the host range mutants was low. The phages exhibited differences in their ability to form plaques on E. coli strain K 12. They differed too, in their serological properties, for their antisera neutralized the homologous phage more rapidly than they did the heterologous strain. The two phages were similar in that they were inactivated at the same rates by ultraviolet light; they differed, however, in their thermostability. Finally, it can be seen that the glucose content of viral preparations grown from each of the phage strains tested was different, and that the hexose content of the nucleic acids prepared from these viruses as previously described (5), was essentially the same as that of the virus itself.
It is apparent from this that the two phages shared certain similarities, yet others of their characteristics were markedly different. Since it was impractical to study the inheritance of all the different traits of these two viruses, three of their characteristics were selected for further study; their host range specificity, their efficiency of plating on E. coli strain K 12, and their glucose content.
Next, it was necessary to determine whether the two phage strains were homogeneous, i.e. whether the individual viral particles in a given stock would yield substrains having the same traits as the parental strains, and to ascertain whether their characteristics are hereditarily stable.
For this purpose a number of single plaques were isolated from plates seeded with E. ¢oli B and with the original strains (SO) of T2 and T6 viruses and subcultures (substrains S 1) were prepared from each. To ascertain whether these would in turn breed true, one was selected and additional single plaque subcultures (substrains
T A B L E II I N H E R I T A N C E OF C H A R A C T E R I S T I C S OF T2 AND T6 PHAGES
Strains tested In this and in Tables VII, V I $2) were derived from it. In the case of the T6 phage it will be noted that substrains $3 were derived from one of the $2 substrains. The host range specificity, the frequency of host range mutants, and the efficiency of plating of each of these strains were now determined by plating aliquots with E. coli strains B, B/2 or B/6, and K12.
Finally, large cultures of the various strains were grown. The phages were isolated, purified, and their glucose and phosphorus content were determined.
T h e results of these tests are presented in Table II . It can be seen from the d a t a that the substrains of both phages h a d the same host range as the parental virus. T h e frequency of the host range mutants of the T2 strains, when assayed on B/2, varied between 0.2 and 3.2 per million, whereas that of T 6 strains, when assayed on B/6, varied between 0.1 and 54 per million. T h e dominant host range mutant of T2 formed on B/2 clear plaques 1.5 to 2.0 mm. in diameter, whereas that of T6 produced on B/6 small and turbid plaques. The efficiency of plating of various substrains of each phage type also remained characteristic. T2 strains formed minute plaques on E. coli K12 and plated with an efficiency of 0.1 to 0.3. The T6 strains, on the other hand, formed on this host plaques which were as large as those formed on E. coli B and their efficiency of plating was 0.8 to 1.2. The glucose content of all these strains was specific for the phage type in question. The T2 strains contained between 11.5 and 14.0 moles of the hexose per 100 moles of phosphorus. The mean value of this parameter was 12.4 and the standard deviation 0.8. The glucose content of T6 strains varied between 24.1 and 27.9 moles hexose per 100 moles phosphorus, the mean value being 25.6 4-1.0. From the data it is also apparent that the original T2 and T6 strains gave rise to S 1 substrains which had essentially the same properties as those of the parental strains and hence it can be concluded that the original strains were homogeneous. Finally, it is evident that the characteristics of $2 and $3 substrains also resembled those of the original strains. This fact indicates that the three pairs of traits which have been studied are inheritable and specific for each phage type.
Crosses between T2 and T6 Phages
When two closely related bacteriophages which differ only by a few genetic markers simultaneously infect a bacterial cell, not only do they multiply in it, but they also undergo an extensive genetic recombination (25). If the infecting phages are related less closely, they interfere with each other during their intracellular growth. As a result of this the yield of one of the viruses in the progeny is less than that of the other (26) . It has been shown that when T2 and T4 phages grow simultaneously in E. coli B, certain properties of the T2 phage, such as its R and H characteristics occur in the progeny with less frequency than do those of the T4 virus. The other traits of the T2 phage, such as its glucose content, its efficiency of plating on E. coli KI2 strains, or its exclusion by T4, disappear almost completely upon crossing the two phages (24) . Crosses between T2 and T6 have been studied less extensively, however. It has been observed, that bacterial ceils infected simultaneously with T2r + and T6r phages yield a progeny which contains both parental and recombinant types (26) .
In order to learn something about the inheritance of the other properties of these phages, the cross between the wild types of T2 and T6 phages was investigated further.
A culture of E. coli B in nutrient broth was aerated until it contained approximately 2 X 10 s bacterial cells/ml. The growth of bacteria was stopped by adding KCN to a molarity of 0.01 (27) and the number of viable cells in the culture was determined by plating. 1.0 ml. of the culture was then mixed with an equal volume of a viral dilution containing 0.7 to 1.4 X 109 particles/ml, each of T2 and T6 phages, and the infected culture was allowed to stand for 10 minutes at 37°C. It was now diluted in nutrient broth to contain approximately one bacterial cell per ml. and 0.2 ml. portions of the dilution were distributed in 60 to 80 tubes. The latter were incubated for 1 to 2 hours at 37°C. in order to allow the phage to lyse the bacteria. 0.2 ml. portions of a mixture of E. coli B and B/2 were now added to each tube, followed by the addition of 3 ml. of soft agar at 45 ° --50°C. The content of each tube was plated, the plates were incubated for 18 hours at 37°C., and then scored for T2 and T6 phages by counting the turbid and clear plaques. The data concerning two such experiments are shown in Table III , where it can be seen that the bacterial cultures were infected with a multiplicity of 11 to 12 phage particles per cell. The ratio of T2 to T6 in the infecting mixture was 2.0 in the first experiment, and 0.75 in the second. After diluting and plating the infected culture, 10 to 20 per cent of the plates contained more than three phage plaques. O f the latter, the majority or all contained both T2 and T6 phages. The average size of a burst yielding a mixed progeny was 32 to 33 particles and the ratio of T2 to T6 in these mixed bursts was 0.59 and 0.36. Since these ratios were lower than those in the infecting mixture, it is apparent that the genetic determinants of the host range specificity of T6 exclude partially those controlling the specificity of T2.
The Characteristics of Viral Strains Derived from Crosses between the T2 and T6 Phages
The properties of the viral particles produced by individual bacterial cells infected with both phages were next examined.
For this purpose a plate containing twenty-four turbid and fourteen clear plaques (formed by T2-and T6-1ike phages, respectively) was selected from the first crossing experiment and another plate containing eighteen turbid and twenty-six clear plaques was selected from the second experiment (Table III) . Nine to ten plaques of each type were isolated from each of the two plates and phage stocks were prepared from each plaque. Their host range specificity and their titers on E. coli strains B, B/2 or B/6, and K12 were then determined. From the data was calculated the efficiency of plating of these stocks as well as their frequency of host range mutants. In order to determine the glucose and phosphorus content of the various phages, large cultures were grown on E. coli B, the phages were isolated, purified, and analyzed. The results of these two experiments are presented in Tables I V and V where the characteristics of thirty-seven strains are listed. As may be seen in the tables, eighteen of the strains had the host range specificity of T2 and nineteen had that of the T6 virus. The titer of stocks of these strains, when assayed on E. coli B, varied between 109 and 10 a2 particles/ml. The frequency of host range mutants in the majorityofthese strainsvaried between0.2 and 100 X 10 -6 and in this respect was similar to the parental T2 and T6 strains. The other strains were less homogeneous for the frequency of their host range mutants was higher. The efficiency of plating of the various strains resembled that of one of the parental strains; either it was low (0.1 to 0.4) as in the case of T2, or high (0.6 to 1.2) as in the case of T6. In addition, their glucose content differed and was also either low or high (i.e. 11.3 to 15.9 and 23.6 to 30.3 moles hexose per 100 moles of phosphorus, respectively). It is apparent, therefore, that the individual traits of the phages derived from the progeny of the cross resembled those of either T2 or T6 phages, although their variation was somewhat greater than that of the parental phages. If one designates the host range specificity of a phage strain by the symbols H ~+ or H 6+, its efficiency of plating by Ef 2+ or Ef 6+, and its glucose content by G 2+ or G 6+, where the numbers 2 + and 6-t-indicate the similarity of the trait to that of T2 or T6, then the phenotype of each strain can be described by means of the three symbols, as indicated in the last column of Tables IV  and V. A comparison of these symbols shows quite clearly that only a few of the strains tested had all three characteristics of the same parental type. The others had one trait which was specific for one of the parents whereas the other two traits were typical of the second parent. It would appear from this that an extensive interchange of the genetic determinants of the parental traits takes place upon crossing and that as a result hybrid strains are formed which differ phenotypically from the parental strains. The frequency distribution of viral strains having different phenotypes in the progeny of the cross is shown in Table VI . It can be seen that six types of phage were found. Two were parental types (frequency 38 per cent), the remaining four were hybrids (frequency 62 per cent). Of the latter, two had H2+Ef~+G 2+ and H2+Efs+Ge+ phenotypes, whereas the other two were phenotypically H~+Ef2+G ~+ and H~+Efe+G 2+. The H2+Ef6+G 2+ phenotype occurred more frequently (27 per cent) than any of the other three phenotypes (frequencies 11 to 13 per cent). Strains having the H2+Ef~+G 8+ and H~+Ef~+G 6+ phenotypes were not encountered in the progeny (frequencies less than 3 per cent).
T A B L E I V C H A R A C T E R I S T I C S O F V I R A L S T R A I N S D E R I V E D F R O M C R O S S E S B E T W E E N T2 A N D T6 P H A G E S ( C R O S S I)
T A B L E V C H A R A C T E R I S T I C S O F V I R A L S T R A I N S D E R I V E D F R O M C R O S S E S B E T W E E N T2 A N D T6 P H A G E S ( C R O S S I I )
As it was pointed out, the sample of the viral population analyzed was selected in such a manner that the number of phage strains having the H 2+ trait was nearly equal to the number of strains having the H 6+ characteristic. In view of this one might expect that the frequencies of Ef 2+ and Ef ~+ traits or those of G 2+ and G 6+ characteristics would also be similar. As m a y be seen from the data this is true in the case of G 2+ and G 6+ traits which occur with the frequency of 57 and 43 per cent, respectively. The Ef 2+ trait occurs less frequently, however, than does the Ef 6+ (frequencies 19 and 81 per cent, respectively). It must be concluded therefore that upon crossing the genetic determinants of the former trait are partially excluded by those controlling the latter. It can also be seen from the data, that phage strains which had the follow° 2+ 6+
T A B L E V I D I S T R I B U T I O N OF P H E N O T Y P I C A L L Y D I F F E R E N T V I R A L S T R A I N S IN P R O G E N Y O F CROSSES B E T W E E N T2 AND T6 PHAGES
ing pairs of characteristics--H Ef , H2+G 6+, H6+Ef 2+ and He+G2+ occurred with the frequencies of 11 to 40 per cent. This fact indicates clearly that the genes determining the H character are not closely linked with either those controlling the Ef or G characters. Similarly, it is apparent that the deter-minants of the Ef and G characters themselves are not linked because recombinants having the Efe+G ~+ traits occurred with a high frequency (38 per cent), In spite of this, no reciprocal recombinants having the EP+G 6+ characteristics were found. Although the reason for this is not known, it is apparent that such hybrids occur only rarely, due no doubt to the partial exclusion of the EP + trait by the Ef 6+. It is possible that the hybrids having EP+G 6+ pheno-
T A B L E V l i I N H E R I T A N C E OF C H A R A C T E R I S T I C S OF V I K A L STRAINS D E K I V E D FKOM CROSSES BETWEEN T2 AND T6 PHAGES (CROSS I)
ascertain whether the strains of these viruses are homogeneous and whether their characteristics are hereditarily stable, the properties of their progeny were examined.
For this purpose one strain of each type was selected and a number of subcultures (substrains S1) were prepared from single plaques of each. In order to test whether
T A B L E V I I I I N H E R I T A N C E OF C H A R A C T E R I S T I C S OF V I R A L S T R A I N S D E R I V E D F R O M CROSSES B E T W E E N T2 AND T6 PHAGES (CROSS II)
Strains tested Character
this one must deduce that the characteristics of the latter are inheritable. Furthermore, it is apparent that the individual traits of all hybrid strains resembled those of the parental T2 or T6 phages and hence an interchange of one characteristic had no effect upon the others. Finally, it is evident that all substrains had the same phenotype as the original strain from which they were isolated, a fact which indicates that the phenotypes of the strains in question are stable and that they correspond to stable genotypes which may be assigned the notation given in the last column of Tables V I I and VIII.
Variations of the Characteristics of Phage Strains Derived from Crosses
It has been shown in Tables IV and V that several phage strains were found among the progeny of the cross which had either a relatively high frequency of host range mutants, an efficiency of plating lower than that of T6, or a glucose content which differed slightly from that of the T2 or T6 phages.
To ascertain whether these deviations were due to heterogeneity of the stock cultures or to formation of a new characteristic, single plaque subcultures were prepared from each and the characteristic in question was determined.
The results of these experiments are shown in Table IX . As may be seen here, strains 24 and 25 had a high frequency of T2 host range mutants and strains 5 and 38 plated with an efficiency lower than that of the T6 virus. The substrains derived from single plaques of strains 24 and 25 had a frequency of host range mutants similar to that of the T2 virus. Similarly, the substrains derived from strains 5 and 38 had an efficiency of plating of the T6 phage. From this it is apparent that these deviations are not heritable.
The variations in glucose content of the phages appeared in some instances to be heritable, whereas in others this was not the case. It can be seen in the table that the two phage strains (26 and 31) contained slightly less glucose than did the parental T6 phage. Single plaque substrains of these bred true for they still contained less glucose than did the T6 parent. Although not shown in the table, substrains derived from one of the S 1 substrains also contained 21.6 to 24.2 moles glucose per 100 moles of phosphorus. These facts suggest that in some instances the genetic determinants of the glucose traits of T2 and T6 phages may blend and as a result phage strains may arise which have a glucose content differing from that of either parental virus. U p o n testing strains 16 and 39 a non-heritable anomaly of the glucose character was found. As can be seen strain 16 had a higher glucose content than did T2 and strain 39 contained more hexose than the T6 virus. When single plaque substrains were isolated, they were found to contain the same quantity of glucose as that of either T2 or T6. It would appear, therefore, that an increased glucose content is not necessarily an inheritable characteristic.
Finally, when the stability of strains 13, 23, and 38 was tested, similar non-heritable variations in glucose content were encountered. It will be seen in Tables IV and V that these three strains had a glucose content which was similar to that of either T2 or T6. When single plaque substrains of each were tested, some had the same glucose content as the original strain, whereas others had a higher content of hexose. The latter did not breed true and often the glucose content of two preparations of the same substrain would differ. It was observed by others, that the glucose content of the rapidly lysing mutants of the even numbered T phages varied greatly and it has been suggested that the preparations of these mutants m a y contain bacterial polysaccharides (7). For this reason, therefore, certain of our phage preparations
T A B L E IX I N H E R I T A N C E OF A N O M A L O U S C H A R A C T E R I S T I C S OF V I R A L STRAINS D E R I V E D F R O M CROSSES BETWEEN
T2 AND T6 PHAGES which had an increased glucose content were purified chromatographically on the Ecteola SF columns (28) . This procedure led to a marked diminution in the glucose content of the preparation in question. When the parental phages themselves were so purified their glucose content did not change, however. F r o m this it would appear that an increased glucose content of certain viral strains m a y indeed be due to contamination with polysaccharidecontaining substances.
D I S C U S S I O N
The study which has been presented here deals with the inheritance of three pairs of differentiating characteristics of T2 and T6 bacteriophages: their glucose content, their host range specificity, and the efficiency of plating
4 " I 9 6 I which they exhibit on E. coli KI 2. Our present study shows that the relative glucose content of these two bacteriophages is essentially that of their nucleic acids, which in turn has been shown to be proportional to the amount of glucose attached to the hydroxymethylcytosine base (5) . It has been suggested, furthermore, that the host range specificity of T2 and T 4 virus is determined by the structure of protein present in the phage tail (i7, 29). Just why the T2 and T6 bacteriophages exhibit differences in their efficiency of plating on E. coli KI l is, however, not yet clearly understood. It is possible that a low efficiency of plating might be due to the inability of a large portion of a bacterial population to meet an unknown physiological requirement of the virus which is essential for its maturation. The inheritance of the host range specificity of bacteriophages has already been studied in great detail. Thus, it has been shown by Hershey and Rotman (25) that the genetic determinants of the H and H + traits of T2h+r and T2hr + segregate from those controlling the R and R + traits upon crossing the two viruses. Delbrfick and Bailey (26) have also demonstrated that when two of the T-even phages, one having the R and the other the R + traits, are crossed, recombinants are found in the progeny which have the host range specificity of one of the parents and the R trait of the other. They observed, furthermore, that traits of one of the parental phages are partially excluded by the alternative trait of the other virus. In addition, Streisinger has shown that the host range specificity of T2 and T4 phages is correlated with their sensitivity to neutralization by the homologous antisera (17) . These investigators have concluded that host range specificity is genetically controlled and that the genes which determine this property are allelic.
The inheritance of the efficiency of plating and that of the glucose content was investigated by Streisinger and Weigle (24) . These investigators have shown that nearly all T2-1ike particles derived from the progeny of the cross between T2 and T4 phages, have the efficiency of plating and the glucose content characteristic for T4 phage. In addition, these hybrids acquired still another property characteristic of "£4, the ability to exclude certain markers of the wild type T2. The three properties, the ability of the virus to exclude T2 markers, the high efficiency of plating on E. coli K12, and the glucose content characteristic of T4 virus, were termed bar properties. It was coneluded by these investigators that the inheritance of these properties is unusual for unlike other genetic markers, they are transmitted to the vast majority of the progeny derived from crosses between T2 and T4 viruses.
The findings which have been presented in this study concerning the T2 and T6 bacteriophages concur with and amplify the previous observations. Thus, it has been shown that the properties under consideration are inherited both upon serial passage of pure lines of T2 and T6, as well as in the crosses of these bacteriophages. These facts suggest that each of the differentiating traits is controlled by a single gene or by a group of closely linked genes. Since the host range specificity and the efficiency of plating of phage strains derived from crosses are always similar to those of one of the parental phages, it is apparent that the genes determining each of the two pairs of alternative traits are allelic. In addition, the glucose content of the progeny phages is, in most instances, similar to that of one or the other parent. In spite of this, the genes which determine the glucose content of a phage might not be stricdy allelic, for, in a few instances, stable strains containing less glucose than that found in the T6 were found in the progeny.
Our study has also revealed that the alternative traits of the two viruses in question are frequently exchanged upon crossing. Approximately twothirds of the phage strains derived from the progeny were hybrids. Four new types of hybrids were isolated and it was clearly established that their characteristics are inheritable. The relatively high frequency of hybrids in the progeny of the cross indicates that the genes which control the host range specificity, the efficiency of plating, and the glucose content (the h, el:, and g genes) of T2 and T6 phages are not closely linked. The fact that the hybrids having the Et n+ and G 6+ traits were not found among the strains analyzed, does not necessarily indicate that there is a linkage between the determinants of the two characters. Rather, it is believed that the frequency of hybrids of this type is low, because of a partial exclusion of the Ef 2+ trait by the Ef 6+. It is expected that an examination of a large number of hybrids having the Ef ~+ characteristic will reveal their existence.
The most interesting outcome of these studies, however, is the observation that the glucose content of hybrid strains derived from crosses of T2 and T6 phages is similar to that of one or the other parent. This finding is surprising to some extent, for according to the current hypotheses on recombination in viruses, the hybrid phage should contain a nucleic acid which consists of segments of both parental nucleic acids (30) . Since the nucleic acid of T2 phage contains a monoglucoside of hydroxymethylcytosine, whereas that of T6 contains a diglucoside of this base, one might expect that the nucleic acid of a hybrid strain would contain both derivatives and hence that the glucose content of a hybrid nucleic acid would be different from that of either parent.
This conjecture, however, is not supported by our experimental data; on the contrary, they indicate that the glucose content of a hybrid phage is in most instances identical with that of one of the parental viruses. It would seem, therefore, that the mechanisms which govern the replication of the nucleotide sequences of the viral nucleic acids and those which control their glucose content are independent.
The work which is currently being pursued on the enzymes present in phage-infected bacteria indicates that this is indeed so. Thus, Kornberg and his coworkers have shown that the nucleic acid synthesized from deoxynucleoside triphosphates by the action of deoxyribonucleic acid polymerases, in the presence of T2 nucleic acids, has the same proportions of purine and pyrimidine bases as does the viral nucleic acid itself (31) . Furthermore, bacteria infected with T2 phage are known to contain an enzyme, glucose transferase, which binds some 0.6 to 0.7 mole of glucose per mole of hydroxymethylcytosine to the synthetic nucleic acid containing the base in its unsubstituted form (32) . In addition, it has been observed that bacteria infected with T4 or T6 phages contain glucose transferases which are capable of linking larger quantities of hexose to the synthetic nucleic acids than does the enzyme found in T2-infected bacteria (33) . Finally, Koerner, Smith, and Buchanan have shown that the DNA-polymerasecannot incorporate monoglucoside of hydroxymethylcytosine triphosphate into synthetic nucleic acid. It would appear, therefore, that the glucosylated derivatives of hydroxymethylcytosine are not the precursors of phage nucleic acids (34) . In view of these facts it is conceivable that the following sequence of events may take place in bacteria infected with two different phages. First, the glucose-free nucleic acid molecules are formed by replication of the nucleic acids of one or both infecting phages and the genetic information contained in the parental molecules is thus transferred to new molecules in various combinations. The newly formed molecules are then glucosylated uniformly by whatever enzymes are present in the particular cell and are then incorporated into new viral particles. The nucleic acid of the latter, however, contains genes, presumably sequences of nucleotides which bear the information necessary to produce the glucosylating enzymes characteristic of only one of the parental phages. When these viruses multiply again in new bacterial cells, they in turn induce the formation of glucose transferases characteristic of only one of the parental strains. As a result of this, phage progeny is formed which now contains a nucleic acid having a glucose content characteristic of one parental strain. Thus, it appears that the glucosylation of phage nucleic acid is brought about by enzymes, the specificity of which is genetically controlled. Since the most likely site of the genes is the viral nucleic acid itself, one is forced to deduce that this substance carries genes which control certain features of its own chemical composition.
From the data which have been discussed it can be concluded that the host range specificity, the efficiency of plating, and the glucose content of T2 and T6 phages are each controlled by a single gene or by a group of closely linked genes. Those which control the host range specificity or the efficiency of plating of a phage apparently are allelic, whereas those which determine the glucose content of phage nucleic acid may not be strictly so. Furthermore, it is apparent that the genes which control these three characters are not closely linked, for they segregate frequently and as a result hybrid strains arise which differ from the parental phages by at least one of the characteristics under consideration.
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